| NTERVENTI ON SPOCL FOR SUBSEA USE BACKGROUND OF THE I NVENTION 1. Field of
the I nvention [0001] This invention relates to a nodul ar spool with a bore
t her et hrough having a renovabl e val ve package positioned in the bore. This
"intervention spool” elimnates the need for a separate subsea test tree
and provides a bore equal in dianeter to the blowut preventer stack
posi ti oned above. The intervention spool can be used in various forns for

5 perform ng the functions of other well control conponents. [0002] The
installation of subsea trees for control of oil and gas well production
requires the installation of down hole conpletion equipnent that is
suspended in a wel |l head body ~ or housing at the sea floor. The well is then
tested by "unloading”, i.e., the well is allowed to flow uninpeded up a

riser string to a test se I LLI j t the surface. This 10
drilling unit may take th@ﬁf@@&ﬁf«g&&,@@#kék% rilling unit ("MODU")
or rig or other type of hull based vessel as a spar or tension |eg _

platform [0003] It Is inpord2RardiAD 88 FhefAiAbybe nai ntai ned under

t hese circunstances. This ] e ability to shut off
flow to the surfaddiekhef halbvendien f or a di sconnect capability should

di sconnect i gapo®f tHSinGEMRLA RIabIs(t6 B MoBuIBH dpbbliwitfl albdid theBthRRERAAMgY The 15
current approach to this need sf tree that is an

Js to utjlize, a subsea te
Sdapt at | on GETGa0IG YA aRkAOE PauIaneR it boye T ARG SO SIS Bl i ||
st em t est i ngeedioessepatatesstibsdaaeadt tre¢ ambprodidasgitrasqabie dbmentoahaBiowatal vi ng
arrangenent g_| i ' . . of the
ot g or - PaETisrecf BoBned bl e REARH Shobtah ne BhSH i RERUERRERF Do
havk a Aumbeeriosning theifunstionsres otherowal@opitpl coreposente. of t he val ves, the pressure

rating of 2oobhe P! ivefiatidnt? sdtREPREALM Rnkdtbf 8ithndlyal BEN FEdusMirguiRed
val ves, the force available for shearin arl)ld .actuatjon under high pressure
and the al | BRAISERIN of SN ol cerwisfonauiptest hatys Syspencln ¢ velfiesd kady 1 G4y
A sol uti on bhiwlusiag strthesiadivort e wellt isithieh tasteﬂ)bst‘tm!naﬂing‘mé.hae well s elignegkage i n
i o 1o DRy nBOed by by B3R baisra o ikl i SladuhGE
i nt er va@t i ofifilkngdwlt mgk take thedormoe mabile ¢itghore delling unitd "WRDWR 1 g orethef or a gi ven
riser inter ofHuft BBde8 ves sl dsépal di8erdhf 1dfpiattebhi ciently large actuators
For e B P oot 5l Lol 2S5 ain) LRt 5 HE2) RRTPonent s
well contral requires the ability to shut off flow fo the surface and provide for a disconnect
capabiiity should disconnection of the mobile offshore drilling unit be necessary. The
15 current appraach to this need is 1o ufilize a subsea test tree that is an adaptation of a
valve package typically used during well appraisal drill stem testing. These subsea test
_ tree designs are self-contained valving arrangements including valves with actuators that
[ } are used as part of the running or landing string for the tubing hanger. Such subsea test
trees have a number of limitations including the size of the valves, the pressure rating of
20 . - the valves, the temperature rating of the actuators and valves, the force available for
shearing and actuation under high pressure and the allowable minimum internal diameter
of the drilling riser. '
[0004] A solution that eliminates the actuation systemn from the valve package in its
running mode and mounts the actuators on the side of a spoo! or similar is very desirable
25 1o overcome these limitations. Such an intervention spool design allows the valve size to
" be maximized for a given riser internal diameter, allows the use of sufficiently large

actuators for required pressure and shearing forces, aflows the actuator components to be
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renoved fromthe high pressure and high tenperature environnments and all ows
control of the valves by a control systemexternal to the riser. 2.
Description of Related Art [0005] U S. Patent No. 5,372,199 to E. J.
Cegi el ski et al. shows a subsea wellhead in 5 which the production string
or the production tree nmay be renoved independently of the other. [0006] A
wel | head havi ng a spool tree nounted above the wellhead in place of a
conventional Christnmas tree is disclosed in U S. Patent No. 5,544,707 to
H P. Hopper et al. 10 [0007] International Patent Application Nunber WO
99/ 18329 to FMC Corporation shows a slinbore conpletion systemthat
utilizes a reduced dianeter tubing hanger which is arranged and

di rensi oned to pass through the bore of the riser and bl owout preventer.
[0008] A wekdrinwadifrars themighprdssurabihd gt rripsratiird envirbreferitd 4l aflowdontrel1dF

production hi,n || head housing is disclosed in U S.
Pat ent No. g‘%é’gﬁé%'ﬂ’f BAESyallsh Bl el [0009] U. S. Patent No.
6,039,119 to H. ZFDGSWRGH%JIM shows a conpletion system with a spool
tree in whi gdhosy tuts agtehmws@m %d@@?%e@klsﬂ:dgéﬁﬁﬁm rgusge%v?enﬁé&d%{

orientation and allows nonit OI‘I ng o ucti on casl ng annul us
pressur e, SWRRRY productipestringeethe raRpustion *cﬁmav bPH@ng\feéswendﬁwraf then

conpri ses aowel | head assenbly for use on a well with a bl owut preventer

stack havin o) et hr ou hat i.zes _an jntervention spool

seal i ngly s@’é’ﬁ‘ﬂ d{ﬂgﬁ'w&? Vigg ﬁég‘?c'i&?ﬁ 'QP”rﬁ?Je%b"&enﬁef”ﬁ g&/ﬂiﬁff °g?eventer st ack
to al | ow t heonverdienad Chistmasnimedddisclosadl ind). [SaPatantdNap 5 k4, Faie d. PnHbpper et

[ QLSrvent i ofy spool with valve actuators nounted on the exterior of the

| Rt érventi on _}mol In the first enmbodinent, a well head 25 housing with a

plural 19y of008Hsilpigmatiopaifgtent prniieation Number WO 98/13239 tA EME Grmrsatieg and t hei r

annul i seal ﬂféwbasﬁrhw@n{piwacdsﬁ@uﬁhﬂmms h@&%&ﬂd:é}ﬂetbmmﬁg?ﬁarfgbﬂﬂﬁch A spool
t he wel | head housing. The

t |

heol | tr oe T abheb apEhisiont o e tRREh HE RS el bel i BP LR g er | and
seal ther edit008TheA walibesd assamablyaih sbich as indine irea with @ martical prioductibn p::re is

communi cat | uivifind wlel iRy ikdos B AU pkidntiie st 851 @p, of the spool

tree. 30 The tubi'ng hanger prearranged ang ofientation and
has at19 eas®amim etdbi ng Page 2
- [000%] U.S. Patent No. 6,039,119 to H. P. Hopper et al. shows a completion system

with a spool {ree in which a tubing hanger is landed at a predetermined angular orientation
and allows monitoring of the production casing annulus pressure.

SUMMARY OF THE INVENTION
20 [0010] The present invention comprises a wellhead assembly for use on a well with a

S

blowout preventer stack having a bore therethrough that utilizes an intervention spool
sealingly secured between a horizontal tree and the blowout preventer stack to allow the
use of a removable valve package positioned in the intervention spool with valve actuators
mounted on the exierior of the intervention spool. In the first embodiment, a wellhead |
25 housing with a plurality of casing strings suspended from the wellhead housing and their
annuli sealed in the wellhead housing is located on the sea floor. A spool tree is sealingly
secured to the upper end of the wellhead housing. The spool tree has a bore therethrough
adapted to receive a tubing hanger and seal thereon. The spool tree also has at least one
lateral port communicating with a valve sealingly secured to the exterior of the spool tree.
30  The tubing hanger is set at a prearranged angular orientation and has at least one tubing -
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bore therethrough and at | east one lateral port connected to the tubing
bore. The tubing hanger lateral port is aligned with the |ateral port of
t he spool tree and the tubing hanger has a tubing string suspended from
it. [0011] An intervention spool is sealingly secured to the upper end of
the wel |l head 5 housi ng and has a bore therethrough adapted to receive a
renovabl e val ve assenbly having a plurality of valves arranged therein.
The val ves have a bore concentric with the tubing hanger and the val ves
are operable by a plurality of valve actuators positioned on the exterior
of the intervention spool. A conventional blowout preventer stack is

posi tioned above and sealingly secured to the intervention spool with a
bore substantially equal to 10 the bore of the intervention spool. [0012]
Addi ti onal hertberetitaghsanskat leabionn Jatekalped senhedtath tedhertuhing bodel Thedgbiag si mi | ar
arr angenenthah?ﬁr Idi@rél'pbﬁ ﬁ.%hér{?e@ with %Wﬁ@ﬂa?:dﬁadfﬁﬁ spSSi %@L.yd th@ fubiglHanggnt 1 Ol

during proc]13 era | ons. nmbodi ment util1zes an arrangenent
simlar to "Ph& ‘H’f"@\? 9§”5"E?ﬂ?3(§"°méht s but replaces the bl owout preventer
stack with {pottandh igerentidnpodlts sealrgly skburpd tmdh&ﬁpp@ﬂen’dlcﬁﬁe vigBdade a drilling

od
o angdend o aAHEE LaR ek fibuoradbbelo IR Pl el 28R, 1y g1
pressure pedone plielty of valves arguiged thergint ke wsiivessbane grors eomcentriswiticke [ 0013] A
princi pal  qigHang ahd'fie RARIHN ofMbRI By Dflurh sﬂa%ga&uﬁsrs%ogrﬁan'e gad system

wi th an mterven%f on spool havi n% a rermvaﬁ]re val ve kage that allows

the val ve Sfesengr qfthesenentionspogl Argpvegtiopal klowaut E"éYe“Fef‘iF@P'h’&ImﬂV%ét er.
[ @014] Anotabsi anbsexlitghodectrbe tathe hinfentidhvepBblivith aibdrel sibstastainteano

i atkryent i 0 novabl e val ve package that allows the use of
suffl\élﬁentﬁ%q%%&khenmfwvaﬁors ‘{o required pressure and shearing forces.

[0015] A fmﬂt‘ﬁer %joeﬁtemé?dlmms gﬁ@b@m A ssoandembadiment uilizes gwsimjlar an
I ntervent i gRarzeMeht blAMIRS the%ém@vdb%%!@é‘ﬁ&&m‘bﬁ'féﬁveﬂ%Sﬁil%g&rha%Fod@%tioﬂ‘r’]"s the

actuator co onent S d fromthe ressure and hig
t enper at ur & ?ﬂ?f‘? &fﬂ’@ﬁ?@d \gflzeﬁaplaﬁangemte%%naéf o e BreMPESent i nvention is
t o provi deembodiménts hug replaces th@bbhodlamvergeratackemmdmﬂﬁgwfhger ipestkage t hat

al | o;\?scon foguctlgli]nstepﬁsﬂéé gﬁﬁ?qﬁelaorgﬁﬁF cﬁgrﬁtls%m eﬁﬂ%%nﬁ@d:n‘e?t ut}llt' riser. 30

[ 001 These w't wg sen I'nvention are
poi nted o@? aNgNgEMEY sinilante edhirg Q'F‘HOH@F—‘@U&F h%\ﬁ'ﬁ@%é@emhél"tﬁsafﬁd forma part
of this di pretiqsioh fser Aplatihd the blowout preventer stack.

[0013] A principal object of the present invention is to provide a wellhead system with an
intervention spool having a removable valve package that allows the valve size to be

20 maximized for a given riser intemal diameter.
[0014] Another object of the present invention is to provide an intervention spool having
a removable valve package that allows the use of sufficiently large actuators for required

PRI
E—

pressure and shearing forces.
[0015] A further object of the present invention is to provide an intervention spool having
25  aremovable valve package that alfows the actuator components to be removed from the
high pressure and high temperature environments.
[0016] A final object of the present invention is to provide an intervention spool having a
removable valve package that allows control of the valves by a control system external to
the riser. '
30 [0017] These with other objects and advantages of the present invention are pointed
out with specificness in the claims annexed hereto and form a part of this disclosure. A full
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Page 3 and conpl ete understandi ng of the invention may be had by reference
to the acconpanying drawi ngs and description of the preferred enbodi nents.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] These and ot her objects and

advant ages of the present invention are set forth 5 below and further nade
clear by reference to the drawi ngs, wherein: [0019] FIGURE 1 is an

el evafiion view, partially in section, of a prior art wellhead assenbly
showi ng the bl owout preventer stack |anded directly on a subsea spool tree.:
[0020] FIGURE 2 is an elevation view, partially in section, of the present
invention with the intervention spool between the bl owout preventer stack.
and the tubing spool. 10 [0021] FIGURE 3 is an elevation view, partially in
section, of another enbodi ment where the intervention spool valve assenbly
i's used f orandebinplelemndenitandingiofthe inventisomayihe haly referenss to 18022] FIGURE 4 is
an el evat i OfeMh@Wyind@hdihgd dnd de&rﬁﬁ&%df% prérérre%@maaarmeﬁ&bod' ment - where a
production riser is connected directly to the valve assenmbly of the
intervention 15 spool. [0023] FIGURE 5 is an elevation view, partially in
section, of another enbodGREMDESORIPFIONIOPTHE DRAVARGSI ser i s connect ed

di I

EnBoDt VENT YD sl hertBjeBR 2Rt po/ahgcef o oot didpponp s ¢

FI GURESL, delowlaad Arthennage elgar byaxefersace todhe c;ra\{vnngsgybeqemn of a prior art

wel | head agpagp! V!GLRESIhQ%‘eleW%ﬁ hea%amnss.he&nw olfﬁ pn&%?méueéyad at the sea

floor with spool tree 12 sealingly secured thereto by a renotely operable
connect or PESeMiy shawagthg ioupyiprevgnisasiackianded dirpstivorta gyhega srool tregs suspended

Wéem Ik t w t[dtrozohemeﬁr?s armgu\lrat.orsﬁahqﬂmauy lﬁ\@édhbﬁ%dthh(b\t&bﬁlgrlwhﬂhdnﬁvitg nmanner

} known ta se of ordin sl eeve is

secur ed to“?d%ﬁve'f Paép"fbbe&%"cf"@‘ﬁv‘m%' §“ﬁ“ﬁﬁ’8‘%?’?%@%ﬁ'%ws&e? g 10 and seal s
t her eit@ whde028bnFISLIRES &4nleyitonyisaoparialpd séGionoof anethérrematdbdimensi ng 10.
{0025] Posi r Igng“ k 18.

Bl owout pr g{f/'g%?gér* n@@t@e&l@ﬁl P\Irarlng aﬁgeeré@ya'g?seﬁo te y%@gﬁgﬁ%ﬁﬁ%ﬂﬁg& or 20 at
its | ower OPRFYMEt seal i ng secures blowout preventer stack 18 to spool

tree 12. Blopaet FIBURERNG @R eRlaRK vikd, patwdinid@sction ¥ @Rotder embodiment
where a production riser is connected directly to the valve assembly of the intervention

15 spool.
[06023] FIGURE 5is an elevation view, partially in section, of another embodiment where
a production riser is connected directly to the intervention spool.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] With reference to the drawings, and particularly to FIGURE 1, an elevation view,
} 20 partially in section, of a prior art welthead assembly is shown. Wellhead housing 10 is

positioned at the sea floor with spool tree 12 sealingly secured thereto by a remotely

operable connector 14. Welihead housing 10 has one or more casing strings suspended

from it with the casing annuli sealed in wellhead housing 10 in a manner well known to

those of ordinary skill in the art. Seal sleeve 16 is secured to spool free 12 and extends

25 into wellhead housing 10 and seals therein when conhector 14 locks spool free 12 to

welthead housing 10.

[0025] Positioned above spool tree 12 is blowout preventer stack 18. Blowout preventer

stack 18 includes a remotely operable connector 20 at its lower end that sealing secures

blowout prevénter stack 18 fo spool tree 12, Blowout preventer stack 18 includes a
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plurality of ramtype bl owut preventers 22 with a spherical or "bag" type
bl owout preventer 24 at the top. [0026] Tubing hanger 26 is |anded in
spool tree 12 and has tubing string 28 suspended therefrom Tubing hanger
running tool 30 is connected to the upper end of tubing hanger 5 26. A
conventional subsea test tree 32 wth valves 34 is positioned above tubing
hanger *running tool 30 and is suspended fromlanding string 36 to which
hydraulic control unbilical 38 is attached. Such an arrangenent suffers
fromsuch deficiencies as limtation of the size of the valves, the
pressure rating of the valves, the tenperature rating of the actuators and
val ves, the force available for shearing and actuation under high pressure
10 and the allowable mnimuminternal diameter of the drilling riser.

Addi ti onal | yplummjosfeantwsblowbmt@eevaﬂeﬂsﬁpimmbIsyheirisal po'biat'l teweellowaout bl owout

preventer &g\lfem’legzy\ﬁhﬁaoprevents closing of ram type bl owout preventers
22 in an energency resent invention utilizing an intervention spool

bet ween t he BB Tttlbl@@hamqraﬂr@lm@ﬂd inprOpEYRect? abd haktubing stsiog 88 sushended

erTI) ' g' enci ef‘therl-ﬁorﬁ %&lﬁ& hﬂﬁé%ﬁﬁ:ﬁ&o&ol@o'ﬁ Sanideted tg%'dpb&aé?\d%‘?ﬁﬁ ng%pod

enbodyi n ri nciples en ea

housi %g fssRﬁB'%"ef"E’ Ubsg?ttetsﬁtéeeg{?d’"ﬁ"ag?s i H°5§tt?88$ab°["F\§3""E ANGLal i ngly
secured thermmmdiyolaﬂamsadpgn@p@maﬁhrmamtrm\eéﬁdxrwli:ﬁrﬁhydwnd: teirdl  housi ng 102
has one or-- ic5138 id Ytacteh! ﬁ%@_ ' ] : i nul i
sealed in werq?'lgﬁ gghoum nFj %ﬁ afa ﬁ%&s&?&%ﬁﬁg&i@f&ﬁﬁmﬁ I'nﬁ?t

Seal sl eeve FthesFs of the gﬁvﬂar@ap'tees%w&ng ¢filevaives, ﬂamfemmam@tmm@fdh%| | head

\fll\gdllh ng 1g2 a%ﬁﬂtomhwmgiggme a\latmleqemsﬁr@ranae&uém&ad&mlprése@e 104 to
ea ousl Posi 0OVe,,.S

e orvall 1 orbne B Oebls MR BT deas S RS B R Ay, suege et

oper abl e correedg typically2s positipnesi in Powout predentératack édivhioly prewents desing qitrm'n vention
spool 110 tq?%mouttﬂrﬁfénté@% :rléﬁéﬁé&S&Hcy %e%%@ﬁt .Mﬁ.dn%t.&; rally

cylindrical 25 wth bore 114 extend |ng her et hr ou and ted to receive
val ve assentiitgvantign sRogihstween thespgel irge M?‘V"“&&rﬁ_"‘? ISE’&EEC’CUQ 59%3‘9&318
arranged t hejkfdigncieavi ng bores concentric with that of tubing hanger 120

Dot uat ot 134 ha FoeRRER P BHRE 2einraftatFion 100 HBaPRE IR ifat o 0% g
are positi eresentdwention 183»%9\@ iVégliherd Honsing 102s p@ﬁmosgbailthels_e@ flogOwilhGpeg)

Posi ti oned %9\4@4 SRRy ste&ﬁ@d therto by HeRVRY opBrasy em,ﬁaosicscweh%dt hat is

substantial |y, Lo, HRTE. 25, DLaoul s BLSYRtel 8l ASk ki AT Ludgs

remotely opé‘
sealed in wellhead housing 102 in a similar manner as shown in FIGURE 1. Seal sleeve
20 108 is secured fo spool tree 104 and extends into wellhead housing 102 and seals therein
when connector 106 locks spool tree 104 to wellhead housing 102.
} | ‘ [0028] Positioned above spool tree 104 is intervention spool 110.. Intervention spool 110
includes a remotely operable connector 112 at its lower end that sealing secures
intervention spool 110 to spool tree 104. intervention spool 110 is a generally cylindrical
25 with bore 114 extending therethrough and adapted to receive valve assembly 116 therein.
' Valve assembly 118 includes valves 118 arranged therein having bores concentric with
that of tubing hanger 120 positioned below in spool tree 104. Valves 118 are operated by
valve actuators 122 that extend through the wall of intervention spool 110 and are
positioned on the exterior of intervention spool 110.
30 [0029] Positioned above spool tree 104 is blowout preventer stack 124 that is
substantially the same as blowout preventer stack 18 and includes a remotely operable
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Page 5 connector 126 at its |ower end that sealingly secures bl owut
preventer stack 124 to spool tree 104. Bl owout preventer stack 124
includes a plurality of ramtype bl owout preventers 128 positioned as
before. [0030] Tubing hanger 120 is | anded in spool tree 104 and has tubing
string 130 5 suspended therefrom Tubing hanger running tool 132 is
connected to the upper end of tubing hanger 120. Valve assenbly 116 with
val ves 118 is positioned above tubing hanger running tool 132 and is

| owered into position with landing string 134 to which hydraulic control
unbilical 136 is attached. [0031] By using intervention spool 110 as shown
in FIGURE 2, the deficiencies noted 10 earlier are elimnated. Bore 114 of
i ntervention spool 110 is equal to that of blowout preventer stack 124

al | owi ng fudadneéto:rﬂsamsmrbﬁd tipRblinglyeecubeiblewnilt prelntey stmklgﬂfrto]sa&:!

104 and bSOt pred Bepene sReg {455 sasity TR WS BiBUGAABROr the'
present i nihpasionedasdtforen in FIGURE 3 that allows 15 the use of t he
renovabl e yipbye ADMERRGer 18 is WRbdd |ﬁ9|§60h‘?ée 04'5h B BaPURAY Sih@WaPper at i ons.

Those itens which are t%e same as In the first enbodifrent  retain their
nunerifal sy¢peendsd Herepm. Miﬂgﬁ@aﬁfrﬁﬁlﬂg'ﬂﬁﬁ" 13s F@"B@%‘? tothpuRpeaend 9fe sea f1 oor
W t h spool tubihg GantfeD120S\aild axgémibip mmd:atvbeimmpdmoﬁed s albingbRRgeAb! €

202.
susponded R 10 PER o kaeEeditn postonitp 8B 8ind R W M@ienoe ng 102
as in the €antreltumbiiipa A8t atiach®bal sl eeve 108 |s secured to spool tree 200
and, ext endgyg 3ﬁt%%inéih€@@nﬁ&#§ﬂo&gl1éggs@m lﬁﬁl@LﬁREtf'ﬁfeedeﬂci%t‘i‘éﬁ nognect or 202

| 6cks spool tree 20 wel | head housi n% Posi ti oned above
spool 14 r ecedlipy afeelimippied-Rorg 1140t ifsvantiongsp °'I1ﬂ9é*reiﬂé!ﬂtt‘i’ tafwoubos i ncl udes
a renot el ypropsmier black 12aRNGGAGRI ﬂ&aaaiessfospbo)m 1®Nghdttlitang ﬁdh@bﬂﬂg. secures 25

interventi I ti S 204 is a
general |y @%ﬂeﬁ@éﬁ sgéq(?%%?qrﬁgoéreé %gach'?acmé %@eﬁ%’% ereo@g'ﬁngnd adapted to
recei ve vablewoubprevantsr staclO®4t herein.  Val ve assenbly 208 incl udes val ves 210
arr anged tftdﬁi'ﬂ | Tn QRN MR BihfeRt df %tpré’sfeﬁt dw'éhﬁdn% l-.ﬁbwnfih ﬁl@Lﬁ%EeﬂthB( agone

anot her concentric wth those aof tubin positioned bel ow
in spbol tthe gsexfdhe rempyrble VE'!%)*’%?PE“’M;S%"‘&P &y gﬂ/d Bré?d'é‘ii*t’ﬁaﬁ“d?‘?“izz t hat
extend 30 tHeeeligHs whieh ar@thk sahe bSinahe/frsttdmbodigpoioktaibQdeionthetic® posi ti oned on

the exteri &rsigﬁgtion. Welihead housing 102 is positioned at the sea floor with spool tree 200
sealingly secured thereto by a remotely operable connector 202. Wellhead housing 102
has one or more casing strings suspended from it with the casing annuli sealed in

20 weilhead housing 102 as in the first embodiment. Seal sleeve 108 is secured to spool tree
200 and extends into weilhead housing 102 and seals therein when connector 202 locks

R

spool tree 200 to wellhead housing 102.
[0033] Positioned above spool tree 200 is intervention spool 204. Intervention spooi 204
includes a remotely operable connector 112 at its lower end that sealing secures

25 intervention spoo! 204 to spool free 200. Intervention spool 204 is a generally cylindrical
with bore 206 extending therethrough and adapted to receive valve assembly 208 therein.
‘Valve assembly 208 includes valves 210 arranged therein having bores that are lateraily
displaced from one another but, concentric with those of tubing hanger 212 positioned
below in spool tree 200. Valves 210 are operated by valve actuators 122 that extend

30 through the wall of intervention spool 204 and are positioned on the exterior of
intervention spool 204, Intervention spool 204 has remotely operable connector 212 at its
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I ntervention spool 204. Intervention spool 204 has renotely operable
connector 212 at its Page 6 upper end that sealingly secures intervention
spool 204 to bl owout preventer stack 214 positioned above. [0034] Bl owout
preventer stack 214 is substantially the sanme as bl owout preventer stack
124 except for hub profile 216 at its lower end that renotely operable
connector 212 5 locks onto to sealingly secure bl owout preventer stack 214
to spool tree 200. Bl owout preventer stack 214 includes a plurality of ram
type bl owout preventers 128 positioned as before. [0035) Tubi ng hanger 218
Is landed in spool tree 200 and has tubing strings 220 suspended

t herefrom Tubi ng hanger running tool 222 is connected to the upper end of
10 tubi ng hanger 218. Valve assenbly 208 with val ves 210 is positioned
above t ubi ruprerang dhet seafingsgctres intep@ptioragodl 204 tovibwedt preventepeaick 28N wi t h

| andi ng st rifagonkd4pbv@, Which hydraulic control unbilical 136 is attached.
.[0036] As in the first enbodi mrent bore 206 of intervention spool 200 is
equal to tHAP34ds Blowouhnmyentpr dackiil é is sybgantialy the samesg bigyrouliprevastsre access to

E pool tree 0K 12{1&0%;?]“&'&9!'3 ?@meen% atli Icﬁﬁb}?en&%ﬁ#ﬂf&nﬁé@ 8pithble %&&eaaleﬁul ]E iple
ores | eqd W I e res U an r O all Oow 10r
ol £ pi%e ongte A e habeet b hPyra pEeer stk 6 LEto Jho kpe 20L AW b ace

af t er t est ipneyeotpestackizdhisclades apedlitf ofiraméipk bivonttipedvetearsi 12§ posilionadds gas

production ppgfations. [0037] A third enbodi nent of the present invention
is shown in FIGURE 4 that uses a drilling riser or outer production riser

sur r oundi ng0%381 i Avhing hapgrt 2d8 isdanded ispog) free 20 RNIdas tbing strings 220 pl ace of t he
P@mut pr %ugd&hﬁr? tﬁéraﬁim.qﬁbiﬁ@ﬁar@émhﬁ%ﬁo&rmaimmt it d td1 m@%pérte'ﬁﬂgf whi C[l_ are
hel s as .in.the pr us_e | s retain their numerical, designation.
[ 00387 Over Rriahfes 24 Va8 3esp IOl FudeS 20 B peslfonio BB kTGt onggio0 ¢ o
300 seal i nginpingdent B22sd isHewaredintpypogitiorewitht lendingspiog 484 & whichiydtanlic 302.

Vel | head hQusiiolSmbifidi 138% 4¥86hed’ NOre casing strings suspended fromit with
the casing annuli sealed in well head housing 25 102 as in the previous

embodi nent $0038k of's Bthedire embadimenthiore 708 f iptsnepiing speq! 4@0 segualiRithaldft ends i nt o
wel | head haw%m@rebeae@mkawmm@emﬁjomMt@waﬁmoaﬂatdmkﬁn@w tree

“nter Jént i GAESEUB A 2P s R Bt e B e Rl BRES o B oy
oper abl e cbargec2trto allow fetmiliide produstiorezedes. hdditianaly, valgpssiIO areelsft in place
after testing operations and used for well control during oil and gas production operations.
[0037] A third embodiment of the present invention is shown in FIGURE 4 that uses a
drilling riser or outer production riser surrounding an inner production riser or landing
20 string in place of the blowout preventer stack of the previous embodiments. Those items
which are the same as in the previous embodiments retain their numerical designation.
[0038] Wellhead housing 102 is positioned at the sea floor with spool free 300 sealingly

R

secured thereto by a remotely operable connector 302, Wellhead housing 102 has one or
more casing strings suspended from it with the casing annuli sealed in wellhead housing
25 102 as in the previous embodiments. Seal sleeve 108 is secured to spool tree 300 and
extends into wellhead housing 102 and seals therein when connector 302 locks spool tree
300 fo wellhead housing 102. |
[0039] Positioned above spool tree 300 is intervention spool 304. Intervention spoo! 304
_ includes a remotely operable connector 112 at its lower end that sealing secures
30 intervention spool 304 to spool free 300. Intervention spool 304 is a generally cylindrical
with bore 306 extending therethrough and adapted io receive vaive assembly 308 therein,

Page 7




30 intervention spool 304 to spool tree 300. Intervention spool 304 is a
generally cylindrical wth bore 306 extendi ng therethrough and adapted to
recei ve val ve assenbly 308 therein. Page 7 Valve assenbly 308 i ncl udes

val ves ‘310 arranged therein having bores concentric with that of tubing
hanger 312 positioned below in spool tree 304. Val ves 310 are operated by
valve actuators 122 that extend through the wall of intervention spool 304
and are positioned on the exterior of intervention spool 304. Intervention
spool 304 has renotely 5 operable connector 314 at its upper end that
sealingly secures intervention spool 304 to drilling riser or outer
production riser 316 positioned above. [0040] Drilling riser or outer
production riser 316 has a bore substantially equal to that of bore 306 of
i nt er vent i onfals@ssenty£S08 ingludesvalyesB1Q airapgei thereinthevinmlnses eondentiicawithr enot el y

oper abl e conpget ﬂbxn@%gbt@b?oﬁfﬁn@d baous ﬁ%‘pbél %ywﬁm@s ﬂro'dré bﬁwat&a §pr or
out er product@o tion s I ng hanger 312

i s |anded i@ f)ggﬁ}qw%gzéﬁt(f"?ﬁﬁﬁ'ﬁ%@h Jl’ﬂ ﬁ&’"@f"ﬁﬁ‘wg 58%39‘b§"ﬁ%?1'6ed t her ef rom

Tubi ng hangquosmmmnmgxetemehorazmtmnmrspmead IiterverttiespholE04 has eemdtely UDI NQ

hanger 3 ve tubing
hanger runn| Mgc?fﬁ]ggl o'f/\%ge gatﬁﬁ%gyr??g'%%vﬁ% ‘ﬁm‘fpg%ﬁ?g string or
i nner pr odudii '&f'SPT%’é’F“eBE'QdL!QBOWﬁeCWWHh@Hﬂdl ov¢ontrol umbilical 326 is
attached. 1@0({49P4ﬂﬂalhn‘§ rfs%rbbteﬁﬁfb&@héfﬁﬂbr 9fs Habg b@(e%%@é’!&nt;hﬂ)’&{&hl‘ tQEhat)éf shown

in FI GURE 5t ress e ct ion riser can be renoved
and a drill |bﬁr§%b§ gépte FI@P%F'?@H ’?—JH’% S Qt its jower ereihalypmoel ve package.
e i t ens opévalddcamnectdriid4 lmkmor&stmsaalhyg sequrecdrilliog sisee obawlenpodustisnet ai n thei r

ameri ggl d NEsea floor
W th spgol ??éégq@%dﬁsea | ng| securegq}gﬂggﬂéianggﬂntsho{'%? §g(béope?abl e
connect or 48pingyging fedgys gref_relz W%‘ﬁ@g%ﬁmﬁﬁﬁ ook 32, 'ﬁgorg\??tﬁﬁ@s

sust)ﬁnded f ferippdr endl btutidienamgern 310. wmatalssempdo‘adwthmawﬁldmﬁ@ﬁbshw&i ng 102 as
in the previou

|t 400
and. ext endsSIoHt BOTERRTERNR ar fog a0 efrse LB Pas N IR MO dhnect or 402
| ocks spool inhergpeodCidntriser 3¢4 td whichchytiaul®i aogtral 0@biicb33609 4@dchethsi t | oned above

spool 45 e ol a tol PR o0 RksehPlverkith SSHSR h RIUHIZ8 Inaf ks of NC! udes

a renmotely operabl e connector sea+| ng Secures
i nt er vent i oR9% prssuramaducipndissighaticar be reorpved ande drlling riess instadled fon04 i s a
general l'y Cﬁéiﬂoﬁéibfiﬁ&l‘emmﬂlélvmrp@clégﬁ pidse MehOghithsreeid Waaedds ird adapted to

receive val B/rgwgffssemd%el%(s) retalrt] ﬁnelr numerical designation. Wellhead housing 102 is

positioned at the sea floor with spool tree 400 sealingly secured thereto by a remotely

20 operable connector 402, Wellhead housing 102 has one or more casing strings
suspended from it with the casing annuli sealed in welthead housing 102 as in the
PR _ previous embodiments. Seal sleeve 108 is secured to spool tree 400 and extends into
 welhead housing 102 and seals therein when connector 402 locks spool tree 400 to
wellhead housing 102.

25 [0042] Positioned above spool tree 400 is intervention spool 404. Intervention spool 404
includes a remotely operable connector 112 at its lower end that sealing secures
intervention spoocl 404 to spool tree 400. Intervention spool 404 is a generally cylindrical
with bore 406 extending therethrough and adapted to receive valve assembly 408 therein.

_ Valve assembly 408 includes valves 410 arranged therein having bores concentric with

| 30 that of tubing hanger 412 positioned below in spool tree 400. Valves 410 are operated by
valve actuaiors 122 that extend through the wall of intervention spool 404 and are
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Val ve assenbly 408 includes val ves 410 arranged therein having bores
concentric with 30 that of tubing hanger 412 positioned below in spool tree
400. Valves 410 are operated by valve actuators 122 that extend through
the wall of intervention spool 404 and are Page 8 positioned on the
exterior of intervention spool 404. Intervention spool 404 has renotely
operabfe connector 414 at its upper end that sealingly secures intervention
spool 404 to high pressure production riser 416 positioned above. [0043]

H gh pressure production riser 416 has hub profile 418 at its | ower end
that 5 renotely operabl e connector 414 | ocks onto to sealingly secure high
pressure production riser 416 to intervention spool 404. Tubing hanger 412
is landed in spool tree 400 and has tubing string 420 suspended therefrom
Tubi ng hangerositiened on thetentgtiorop intarentiananred ¥e4 Inteyventibrespnop4d4 ke deradtely ubi ng
hanger 412. dp@l@ﬂiél:orm&m%ﬂ%i ﬁ#&g{pbpé'hdqflat Qéﬂilrcijﬁliﬁééﬁl’é? Nér\%?m@rp%i JVU4| be

readily undg'r tood fromthe f or egoi escription and it be seen
that we have"PPERFEYE Aroduction fissr §28pesfianadA8Ye: havi ng a rem)vabl e vaI ve
package t hat[oo] otighpheesuraprodudivn Aser 16ieashak pidfiz s étotrs IGwedeM@that 11 ser

desor | bed rTneY ool AhER Ay ke g B SRR e i, o s
t hat equi valﬂéﬁfft“ﬁiotletﬁmntonspf@h@‘l mqllwa@n%msimdbd! inspoaltree d00atENs skil | ed
in the art wg sting 4ﬁ@ﬁﬂbaﬂe@ﬂﬂr&€ﬂeftﬁwhw nﬁ%m%?oo’i o @S’lﬁ'lef:feﬁ g ion. The

pr esent |nVﬁ¥;|on I ncludes all such equivalent alterations and
modi i cat i oH% UPRS$NA &F bing hangersHRy by the scope of the appended cl ai ms.

P@ 9 sai d[omlernerrtonammmoburmaéwamassmmnybmewlngmaeralloua fibtthe of bores

oug i f bores, aligned b|n hanger
bor es ggd S?ﬁre ° glg%c%%a %&“"“2’555?% B here prgﬁ'#i B’ef' "SS&’P t ubi ng
hanger adaph@ﬂngtﬂjﬁmgvabbalalﬂe pankege/bat dliows %pmi\lre sizgdd be masigdrel fyr gdivenal i ty. of

val ves arrana@mm Bﬁﬁ%afruﬂu%&reqmle%eqméﬁﬁonmh@én sfn% Pes%neé‘a sai d
bores, said val ve assenb %ﬁva ves bei ng gperable b rura val ve

actuators pHLiesRsshRgeD prafeed embodipe rtgsaqbaioys,fp@tre\gglﬁ 'ﬁ@i@'tgrams and
mememeeaa- medifichtiorsyiibocatris others skiie io theartwpbr thekdading and anaeitamiigyENt er
Prack Bal MeRpdifichion S ?ésgﬁt%{gﬁtl ARG LBRA LRladbhiafd O 07 T1 U s
adapted to @B@%H@Sa@"dlf%'a@ted @Rl by, Hgisaepe of the appended claims.
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10 string therein, and seal the annulus between said well head housing and
said at |east one <casing string; a spool tree sealingly secured to the
upper end of said well head housing, said spool tree having a bore

t her et hrough adapted to receive a tubing hanger therein and seal

t her eabout; 15 a tubing hanger sealingly secured within said spool tree at
a prear:anged angul ar orientation, said tubing hanger having at |east one
tubi ng bore therethrough, said tubing hanger having a tubing string
suspended therefrom an intervention spool sealingly secured to the upper
end of said well head housing, said intervention spool having a bore

t heret hrough adapted to receive a valve assenbly 20 having a plurality of
val ves arranged therein, said val ves having a bore concentric with said

t ubi ng hanger, s b3| n rality of
val ve act uat or saelbghsll @l’vgﬁ gigoorﬂ?ﬂ% a§ &ymgpgg:gﬁ?@ oﬁﬁqrﬁsrgé'ﬁﬁ?‘gﬁﬂspool to
sel ectivel y éaapluglitywbbares Fligoatinthiseld tlfulnmhangdrbwes awt eidtuténgfrangend, a ri ser
posi tioned aQQéﬁer%ﬁ#eg dnHE@é!é’tﬁtBTshlﬁfhbﬁaB@lgﬁger §é’dpﬂer Bbrﬁ@ saill fhYd tlgna&%ﬁle 25

substanti allx?equa bore of saidintervention spoo riser
having a hub V@' #psemb 'ﬁﬂ'“'ial“%q‘@\/\ﬁ? a'@ﬁﬂe"‘Qﬁﬁm%ﬁ’ﬁq‘ﬂﬁ%ﬁ%ﬁﬁmbﬁ@wm havi ng
a renot elsy opﬁa&tﬂo&scmﬂrﬂ»ﬁmssmiyaaﬁreumopeﬂdlefb?b plufefitylof (iveiRflAfTent Wit h

sai d hub of E@gﬁg eeﬁérﬂa?oﬂ%mhﬁ&’vaﬁoﬁ Pral ity of valves arranged

t herein, sai av n ore conce |c with said tubing hanger,
sai d val ve assemﬂ %WP%@%’S s usroopweltwitha kigwoyt greventsr $tagk hating albore

actuat ors pogetetrsiRs t@ébléch%!ﬁ%hﬁ! u@rﬂoﬂfofﬁﬁdsqrohmamveﬁ%hﬁns. ool to
sek-gctively control | ui ow t her et hroug and, 5 a

oot " or bveot o it v SO P e el e i uksp kg
bl ovout 10st astlingthereingera shalitie arnblas bettvéenl shig vetiveall housinglzed bald et 164st 6@ d

i nterventi on%agmag{rmgsal d bl owout preventer stack having a hub fornmed on
its | owner and, said intervention spool havi ng a renotely operable

connector on its asppdireesrplingly secured q thejurnerenskatsaid wellhead kousiogrsald of sai d

bl owout pr evegablaree Sibvdfka bok tHeretbughRBAIEY to FedeRE atibhgManger WRkdin ¥Mdlsdal@
bl owout pr ey ntebr §tack having a bore therethrough to selectively control

theflowof 5from said well, according to Caimb5,
a tubmg hanger sealingly secured within said spool tree at a prearranged angular

orientation, said tubing hanger having at least onhe tubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;
an intervention spool sealingly secured to the upper end of said wellhead housing,
said intervention spool having a bore therethrough adapted to recsive a valve assembly
20 having a plurality of valves arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operable by a plurality of valve
}; actuators positioned on the exterior of said intervention spool to selectively controf wel
production fluid flow therethrough; and, |
ariser positioned above said intervention spool, said riser having a bore
25 - substantially equal to the bore of said intervention spool, said riser having a hub formed
on its lower end; and,
said intervertion spool having a remotely operable connector on its upper end for
sealing engagement with said hub of said riser.
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further conprising: a landing string attached to said valve assenbly for

| onering said valve assenbly into said intervention spool; and, 15 an
unbilical line attached to said valve assenbly to allow sel ective actuation
of said valves in said valve assenbly. 7. An apparatus for use on a well
with a bl owout preventer stack having a bore therethrough to selectively
control ithe flow of fluids fromsaid well, according to Claim6, further
conprising: 20 a seal sleeve sealingly secured to the |ower end of said
spool tree, said seal sleeve extending into said wellhead housing and
sealing said well head to casing annulus when said spool tree is secured to
said wel | head housing. ‘8. An apparatus for use on a well wth a bl owout
preventer stack having a bore therethrough to selectively control the flow

of fluids fromiegh plurity of vahes avahgB@thbrRinChald Paivés haviy d bHid Bffce@W Si Ng:

sai d tubing ha\rag r_includes a]ggl uraL ty of tUblf’?nfg bgres t her et irough, said
tubing bor e ARAELRNE FRE YRR agpe @%‘5%&9%8 ble By\8 Plytality of valvgl i gned wit h
a plurality ettuatotsipositiored o thg extederpé sedtbidtefueotionspod id selecivglylcametwel a t ubi ng

hanger adapt et,408&h k8 fajg tubing hanger, said tubing hanger 30
adapter havi (ril’go a pru?'ap‘lﬁftyg%w%grgdgqt her et hr%t;jgh, said plurality of tubing

hanger adapter bdplawoul preyenta stack pesitigned abays sai Intgrygetion serab said hlvwodal ed
t hereto; PagetatRhaing/A borl substadiamssaaid the bore of6dd RRRn@ntdl shooM dalil FwalLoWout

preventer st V] . bar heret hrough gccqrding to Claim2, further

conpri si ng: g%léee'g s?@gg & i%‘?ﬁ@&%*ﬁ\”%&"?@"ﬁhe | ower end of said spool

tree, said seal widinterensioneprdl ryingatremetely dpeaiiid trmaectdtondts ngpeaent fseal i ng

ﬁ'ﬁhm' | headediflg yaaferf i 4atiPhub'dr Lhie Hodlt rediiiGlsiakk e | s secured to said
or

ead _housing._ 4. A wel | head assenbl. use on a well with a bl owout

prevent 6P stack HaVIYRPPEUEHY qumﬂf'W'éM%ﬂﬁ“%S‘?% haviap mbgre wher ei n:

sai d spool t teetthaghao palactivly doyira thel flatver BlidsFont Sid wal| sbcbrdidh ROCERIEIEr

includes a p @Jdo@}ﬁ?s% .tubi ng bores therethrough, said tubing 10 bores
placed™fr

laterally dis T0m one another and axially aligned with a plurality
of tubing a landing string attached to said valve assembly for lowering said valve assembly

into said intervention spool; and,
15 an umbilical line attached to said valve assembly to allow selective actuation of
said valves In said valve assembly. ‘
7. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 6,
further comprising:
20 a seal sleeve sealingly secured to the lower end of said spool tree, said seal
sieeve extending into said wellhead housing and sealing said welthead to casing annulus
} when said spool tree is secured fo said wellhead housing.
-~ 8. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 7,
25 further comprising:
said tubing hanger includes a plurality of tubing bores therethrough, said tubing
bores faterally displaced from one another and axially afigned with a plurality of tubing
strings suspended from said tubing hanger;
a tubing hanger adapter positioned above said tubing hanger, said tubing hanger
30 adapter having a plurality of bores therethrough, said plurality of tubing hanger adapter
bores afigned with said tubing hanger bores and sealed thereto;
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strings suspended from said tubi ng hanger; said tubing bores having a one

| ateral port connected thereto, said tubing hanger |ateral ports aligned
with said plurality of lateral ports of said spool tree; said intervention
spool val ve assenbly having a plurality of bores therethrough, 15 said
plurality of bores aligned with said tubing hanger bores, said intervention
spool wvalve assenbly plurality of valves arranged to format |east one

cl bsure nenber for each of said bores, said val ve assenbly val ves bei ng
operable by a plurality of valve actuators positioned on the exterior of
said intervention spool. 5. An apparatus for use on a well with a bl owout
preventer stack having a bore 20 therethrough to selectively control the
flow of fluids fromsaid well, conprising: a wellhead housing, said

wel | head housin 0 su nd at | east one casin stri t herein,
and seal the angtff1 EEB‘H@ @éaesﬁe@éﬁﬁr s 9 %@“ﬁfﬁﬁ&f%@ﬁmggtgqﬂa%mgwgggt one
casing stri ngoreawezﬁ:ﬂnrodlghtacaardls@mGlailyInyudmwommsing t he upper end of said

wel | head housi ng., i dbete seuifly sdclrF 1A loRgr éhadPiahy éﬂaa%&%%&ghadapt ed to

receive a tubing é] ere ut anger
seal ingly seé'ﬁ?‘@(f"\ﬁﬂ ing 'ﬁt°§aidd"e§'?f66P°Ltsr"§@"€1§eaéi"$ﬁ%\ﬁ'?"8?ﬂjé@| c@ﬁirmnaulus

Ol’hl ent ﬁtsonhwﬁaisésdtspbumgeisaagﬁédthawngm@hdh@.&aig one tubing bored g

t her et hr ough, sai vin trin nde
therefrom 30 an fﬂ@&b@%qsgﬁnr@g%oﬁﬁ%%g%ﬂ&@QQE@B@@B&? ersﬁ:%:ﬁ?}w@qaend of
sai d wel | heakbréitheestivigygh aseording tetClaim 8ratieein'spool  having a bore theret hrough
adapted to recei \é§|d%p&ﬁh¥@h&m‘t’yofld?ég%ﬁé What is clained is: 1. A

wet-l head assenbly ¥ use on_a owout preventer stack having a
baré t her et hr ougﬁatdéteh‘n@magsa%@c'usem'wﬁ%ﬁ tvmn&l?qr@ fh%r%!h@uwe said&8iNdhousi ng
adapt ed1g o Shipgetadraty dispRed franen@amthwanéamw auggedmraemmam@aduﬁﬁl the

annul us bet sal a east on si.ng string;

a spool tre\é&g" XA gpyé%gé)g'u%%(}n@rggs ar? i Qa% tﬁggﬁ "”“P&%&F‘H@é’aﬁhous. ng,
sai d spool é@tqq’dmfﬁg spidiubieg lnamgwéthpwgh ama@w@dsau@lwrelébﬂwelal t ubi ng

hanger therqidﬂs@pggms@%meghereabout sai d spool tree having at |east one

| ateral port conmunicati t h
port Q mtervenp g‘l spool vafee assemgly having a plurality of bores therethrough,

15 said plurality of bores aligned with said tubing hanger bores, said intervention spool valve
assembly plurality of valves arranged to form at least one closure member for each of said
hores, said valve assembly valves being operable by a plurality of valve actuators
positioned on the exterior of said intervention spool.

5. An apparatus for use on a well with a blowout preventer stack having a bore
20 therethrough to selectively control the flow of fluids from said well, comprising:
N a wellhead housing, said wellhead housing adapted to suspend at least one casing
} string therein, and seal the annulus between said wellhead housing and said at least one
casing string;

a spool tree sealingly secured to the upper end of said wellhead housing, said

25 spool tree having a bore therethrough adapted to receive a tubing hanger therein and seal
thereabout;

a tubing hanger sealingly secured within said spool tree at a prearranged angular
orientation, said tubing hanger having at least one fubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom;

30 an intervention spool sealingly secured to the upper end of said welthead housing,
said intervention spool having a bore therethrough adapted to receive a valve aésembly i’
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10 sealingly secured to the exterior of said spool tree; a tubing hanger
sealingly secured within said spool tree at a prearranged angul ar
orientation, said tubing hanger having at | east one tubing bore

t heret hrough and at |east one lateral port connected to said tubing bore,
said tubing hanger |l ateral port aligned with said at |east one |ateral
port_of said spool tree, said tubing hanger having a tubing string 15
suspended therefrom an intervention spool sealingly secured to the upper
end of said well head housing, said intervention spool having a bore

t her et hrough adapted to receive a valve assenbly having a plurality of
val ves arranged therein, said val ves having a bore concentric with said

t ubi ng hanger, said valve assenbly val ves being operable by a plurality of
val ve 20 act uat or sypeaiddimgigg on the exterior of said intervention spool;
and, a blowout preventer stack positioned above and sealingly secured to
said intervention &ihead éa?ea'b&fw\wapnew&wﬁ%ww Areyiter stagk bevinga al | y
equal to the hmﬂaha%m&ﬁgﬂcomnkm@ventlon spool. 2. A well head assenbly for

use on a well wt er,.stack hav ore theret hrough
according to C ai %v%llt@fa(a‘ﬂﬁuﬂ T % aﬁ&’\ﬁe:}lk 9 fgusing ?Jéﬁta? &%“%Ref‘ﬁﬁ‘bg aHPIRAANS: 0 sai d
val ve assehbl y%trmrtherm/@nql $eg! tbaamtdﬂalbe@ealswmllyeadlhQumgsmddsalcratMasteme| on

spool ; and, anasfpitidgal |ine attached to said valve assenbly to allow
sel ective actuation of said valves in said valve assenbly. Page 10 10. An

apparatus for use aaHO%‘fese?ePfIWVﬁﬁmﬁertPé'@wer;ﬁnevfe?ﬂdén'e"ma&awﬁam iSAig seodhor e
theret hrough tee halirget borethyrethtontyh adaptdado fdceive Dfubihg bargsr theem saisdalvel |

acegrding to . ttached to

ot dh val e o Sl sid b0 6D nARGRE oSkt oty BRI cal i L PR

i nter venttfon §E%¥69'¥s%@d‘%ﬁemqpfcﬁaidSPPPléfeattached to said val ve assenbly
to allow sel ectlvamiguﬁﬁgleeaeamiﬁ ly éia%br@d\ﬁiuﬂ@éid sﬂaoﬁébataaﬂexﬁaﬁg%aaﬁahéé 11. An -

f
heret hr ough P PR Yy i R Y e e

accordi ng to GChalateral port oomectasﬂrw baid tubiogboriessaitijubing hanger lateral port aligned with
said at least one lateral port of said spool tree, said tubing hanger having a tubing string
16 sUspended therefrom; ;
an intervention spool sealingly secured to the upper end of said wellhead housing,
said intervention spool having a bore therethrough adapted to receive a valve assembly
having a plurality of valves arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operable by a plurality of valve -
20 actuators positioned on the exterior of said intervention spoot; and,
a blowout preventer stack positioned above and sealingly secured to said
| }s$ intervention spool, said blowout stack having a bore substantially equal to the bore of said
- intervention spool.
2. Awellhead assembly for use on a well with a blowout preventer stack having a
25 bore therethrough according to Claim 1, further comprising:
a landing string attached fo said valve assembiy for lowering said valve assembly
 into said intervention spool; and,
' an umbilical line attached to said valve assembly to allow selective actuation of
~ said valves in said valve assembiy.
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a seal sleeve sealingly secured to the |ower end of said spool tree, said
seal sleeve extending into said well head housi ng and sealing said wel | head
to casing annulus when said spool tree is secured to said well head

housi ng. 12. An apparatus for use on a well with a bl owout preventer stack
having a bore 15 therethrough to selectively control the flow of fluids
fromsatd well, conprising: a well head housing, said wellhead housing
adapted to suspend at |east one casing string therein, and seal the
annul us between said wel | head housing and said at | east one casing string;
a spoof tree seafingly secured to the upper end of said well head housi ng,
said 20 spool tree having a bore therethrough adapted to receive a tubing
hanger therein and seal thereabout; a tubing hanger sealingly secured

wi thin sai d spool10t Aseppatatu fprusabn angé ditia bloweut predsrit@taak haWing Stersl t Ubi ng
hanger havi t ' ' hanger
naving a t ubpeaniBseBAel UaiaPng A0 ol ik Ri'saH R, BRlind K185, o

seal i ngly s efutias gomprisingle upper end of said wel | head housing, said

i ntervention SpO%'IanBﬁy kB AteRdcBlo kRg VATl RFRREMRTE sl \kﬁ&ﬁés\éﬁ\bﬁ val ve
assenbl y haV|ng §m$ [a|lté of val ves arranged therein, said valves having
a bore concdhPFRE MgrYaRtonspeef b ng hanger, said val ve assenbly val ves

bei ng operabl e bgn amlilloarlmb iattgched towsaldwalve assembly o allopssiettive aetdation of he
exterior of to selectively control well 30
production f \%N#{%?& ere Eﬁgﬁ?h and, a production riser positioned
above said i nt er Jenhn apnargis dor US%Q" d well with a bigwouh reyentep stgek havingarhore

sybstanti al |tNer6!ﬁl¢a%h fo@elbdiRelPEdnrothe ficwW 6F idD 618 sHIAWEIE Becobdidto R YEL | ON
r formed on Its |ower end; and, said intervention spool

ks8r havi ngH@}
havi’'ng CLPMASAY abl e connector on its upper end for sealing
engagement wi t h sagalsibave seélmglalsebumdddtitetlwtﬁnend of said spool Bee, Aaid sggbar at us f or

use on a welgdeeyd é)&bnﬁmg In Qﬁg mghnﬁ §¥|H Wé‘li‘%a@ﬁf t%sin%?ﬁ{uﬁlg hrough to

sel ectively control |UI s fromsaid , according to Claim
12, further"‘“‘@Bﬁiﬁ’f"F’:,‘:PH&e 'sasqcﬁrﬁﬁFW‘ds‘t’?“f‘?ﬂf hep$iaehed to said val ve assenbly
for |oweri ng sai @, V& apparamis &riabe/on & WelOwitad slowdit evePRi sRBk FmglaborRNd,

15 therethrough to selectively control the flow of fluids from said well, comprising:

a wellhead housing, said wellhead housing adapted to suspend at least one casing
string therein, and seal the annulus between said wellhead housing and said at least one
casing string;

a spool free sealingly secured to the upper end of said welthead housing, said

20 spool tree having a bore therethrough adapted to receive a tubing hanger therein and seal
thereabout;

a tubing hanger sealingly secured within said spool tree at a prearranged angular
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orientation, said tubing hanger having at least one tubing bore therethrough, said tubing
hanger having a tubing string suspended therefrom; |
25 an intervention spool sealingly secured to the upper end of said wellhead housing,
said intervention spool having a bore therethrough adapted te receive a vaive assembly
having a plurality of valves arranged therein, said valves having a bore concentric with
said tubing hanger, said valve assembly valves being operable by a plurality of valve
actuators positioned on the extetior of said intervention spool to selectively control well
30 production fluid flow therethrough; and,
a production riser positioned above said intervention spool, said riser having a
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10 an unbilical line attached to said valve assenbly to allow sel ective
actuation of said valves in said valve assenbly. 14. An apparatus for use
on a well with a bl owout preventer stack having a bore therethrough to
sel ectively control the flow of fluids fromsaid well, according to daim
13, further conprising: 15 a seal sleeve sealingly secured to the | ower
end of said spool tree, said seal sleeve extending into said well head
housi ng and sealing said well head to casing annulus when said spool tree
is secured to said well head housing. Page 15 ABSTRACT OF DI SCLOSURES

| NTERVENTI ON SPOCL FOR SUBSEA USE A wel | head assenbly for use on a well
with a bl owout preventer stack having a bore therethrough that utilizes an
i ntervention spool sealingly secured between a horizontal tree and the -
bl owout prev val. ge

posi ti oned Iﬁﬂ*%%m?%%ﬁﬁv%ﬁ ?%%Q“h%% ﬁﬂfﬁﬁﬂ@aﬁyéﬁgﬁqEE@@?@ﬁh%ﬁgte on the
exterior of Wh@ﬁ“?ﬂ@?'tsé?wq!'@ﬁd@%ol is disclosed. Fig. 2

said intervention spool having a remotely operable connector on its upper end for
sealing engagement with said hub of said production riser.
5 13. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 12,

further comprising:
a landing string attached to said valve assembly for lowering said valve assembly
é: )) into said intervention spool; and,
e 10 an umbilical line attached to said vaive assembly to aliow selective actuation of

said valves in said valve assembly,
14. An apparatus for use on a well with a blowout preventer stack having a bore
therethrough to selectively control the flow of fluids from said well, according to Claim 13,
further comprising:
15 a seal sleeve sealingly secured to the lower end of said spool tree, said seal
sleeve extending into said wellhead housing and sealing said wellhead to casing annulus

when said spool tree is secured to sald wellhead housing.
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